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THE storage and expenditure of force which it is the province
of the nerve cells to effect are, and must ever be, hidden fron;
direct observation and measurement. Their effects are dis-
played in muscular contraction only, and the whole science of
Neurology ia based on the assumption that the extent and
the manner of muscular contraction correspond with and
represent the extent and the manner of the nervous discharge.
How far and under what restrictions this assumption is true,
it will be the object of a subsequent paper to examine; but,
accepting it provisionally, it is obvious that to gain a clear
insight into the processes going on during morbid action of
the nervous centres, it is necessary to observe with the greatest
care the phenomena of morbid muscular contraction.

The phenomena of convulsive seizures have amid all their
variations so fundamental a similarity among themselves, in
comparison with their wide differences from the other morbid
kineses of the human body, that they form an extremely well-
characterised group of phenomena, and to be studied advan-
tageously must be studied together.

The time has gone by when proof would have been required
of the fundamental identity of the process occurring in all
convulsive seizures, whether of " idiopathic epilepsy," urromia,
hydrsemia, cerebral tumour, or accompanying other pathological
conditions. However necessary it may be for the clinical
physician to regard separately the convulsions occurring in
different pathological states, or to look on " idiopathio epi-
lepsy " as a clinical entity, the pathologist must recognise that
the nosological position of epilepsy is much the same as that
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326 THE PHENOMENA OF CONVULSION.

of dropsy, in other words, that it is indeed a symptom which
may be associated with, and even dependent on various patho-
logical conditions.

As the essential nature of dropsy is an excess of transuda-
tion into the tissues over absorption from them, so the
essential nature of epilepsy is an excess of tension of the
molecular force stored up in the grey matter over the resis-
tance to its discharge. As the disturbance of the balance
between transudation and absorption, which constitutes dropsy,
may depend on very various pathological conditions, so the
upsetting of the equilibrium between tension and resistance
in the grey matter, which constitutes epilepsy, may depend on
very various pathological conditions.

That there are various forms of convulsion, and that these
forms are divided by profound differences is unquestionable;
but these differences must be studied apart from their clinical
and pathological concomitants, with which they have little or
no correspondence.

Regarded from this point of view, the factors which go to
make up the ensemble of a convulsion are ten, viz.:—(1) the
Quality, (2) the Origin, (3) the March, which, togeth er
determine (4) the Attitude assumed by the convulsed part,
(5) the Extent, (6) the Rapidity, (7) the Pitch, (8) the
Intensity, (9) the Force, and (10) the Duration.

The most fundamental distinction between the different
forms of convulsion is the quality of the spasm, which may
be either tonic or clonic. By clonic spasm is here meant a
spasm during any part of which the simple contractions that
compose it are separately perceptible. The characteristic of
clonic spasm is therefore its intermittent character. It is true
that at the height of the fit the simple contractions succeed
each other so rapidly that the spasm is continuous, but it is so
at the height of the fit only, and, as the severity of the seizure
declines, the simple contractions are severed by a greater
interval, they become discrete, and separately perceptible.

By tonic spasm is meant a spasm in which the separate
simple contractions never become perceptible. Its character-
istic is its continuous nature. Conformably with this, it is
found to remain present for many hours and days together;
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THE PHENOMENA OP CONVULSION. 827

•undergoing, indeed, exacerbations and remissions, which are
always, however, of the same quasi-continuous character,
having the form of waves of deliberate rise, progress and
decline, and which exhibit a marked absence of suddenness.
The chattering of the teeth may be taken as a normal
example of the clonic, and a yawn as a normal example of
the tonic form of spasm.

It will be observed that the terms " tonic " and " clonic " are
here used in a somewhat different sense from that usually
attached to them.

The continuous or intermittent quality of the spasm, while
of itself it impresses a marked individuality on each variety of
convulsion, is the index to so many and such wide other
differences as completely to justify its selection as the basis of
classification.

For the convenience of further description it will be
necessary to consider the muscles of the body as divided into
series, each series having its base at the trunk, and its apex
at the periphery. Thus one series passes through buttock,
thigh, leg and foot to the toes, the muscles of which form the
highest order of this series. Another series on each side
passes through shoulder, arm, forearm and hand to the fingers,
the muscles of which form the highest order of this series.
Again, another series passes up each side of1 the neck, and,
bifurcating, has two topmost orders, at the eye and at the
mouth, the former being the higher. The muscles of each of
these series must be considered as arranged in orders, which
correspond roughly with the sizes of the muscles, and more
nearly with their position in the series; the muscles of the
lowest orders being the largest, the more often bilaterally
acting, those having the most general functions, attached to
parts having the fewest, samest and least precise movements,
and whose action is attended with the least amount of con-
scious voluntary effort. Such muscles are the diaphragm, the
muscles of the back, and of the jaws. At the other end of the
scale are those muscles having the most special functions,
attached to parts having the most numerous, most varied and
most precise movements, acting unilaterally and with the
greatest' amount of conscious voluntary effort. Such muscles
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828 THE PHENOMENA OP CONVULSION.

are those of the eyes, and those of the thumb and fingers. On
this scale the muscles which close the fist will be of higher
order than those which move the fingers in writing, and those
which move the wrist, elbow and shoulder, will be of~ succes-
sively lower and lower orders.

The origin of a convulsion referred to* this scheme, is always
at the apex or the base of a series, never in the middle.

The importance of attending to the point of origin of a
convulsion has long been insisted on by Dr. Hughlings-
Jackson, who also pointed out that unilateral convulsions
begin in those muscles having the qualities above enumerated,
and which are here called of the highest order.

The commonest opening of a convulsion is the deviation of
the eyes to one side. Next in order of frequency comes spasm
of the thumb and finger. Spasm of the lips, although it
nearly always follows deviation of the eyes, is far less common
as an opening, and convulsion beginning in the foot is com-
paratively rare.

It is less usual for a fit to begin in the lowest orders—the
muscles of the back or of the jaws—but the fits of so-called
"idiopathio epilepsy" do occasionally begin in this region,
and the spasms of tetanus and of strychnia-poisoning always
begin in, and are generally confined to these, the most general
of all the voluntary muBcles. Lastly, a convulsion may begin
in the most general of all muscles, those of the blood-vessels
and of the skin ; as in the case of a rigor, which is an epilepsy
of the vaso-motor and ite allies.

It may seem unwarrantably foolhardy to suggest that phe-
nomena so diverse as an epileptic fit, a tetanic spasm and a
rigor should be studied together, and to do so for clinical
purposes would be truly preposterous, but the contention is
that they are all instances of sudden excessive and transient
muscular' spasm, due to some process taking place in the nerve-
centres, and that in order to investigate this process it is
necessary to dissociate from their surroundings all cases in
which it occurs and to study the cases together. In other words,
however far apart they may be clinically, yet pathologically
an epileptic fit and a rigor are closely allied, and it is with the
pathological aspect of convulsions that this paper has to do.
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THE PHENOMENA OP CONVULSION. 329

To say that an epileptic fit and a rigor are pathologically
allied is not a mere assumption, for it is well known that the
specific fevers, which in the adult are ushered in by a rigor,
are in children frequently heralded by a convulsion which
replaces the rigor.

It will depend of course on the origin of the spasm whether
the March is centripetal or centrifugal; but whether the fit
begins in the highest order and spread downwards (centripetal),
or whether it begins in the lowest order and spread upwards
(centrifugal), the march or order of spreading is threefold.
Only in the former kind, however, can this triple order be
clearly distinguished.

The three directions in which simultaneously a centripetal
convulsion spreads are:—first, the muscles first involved
become more severely affected: second, the spasm affects
additional muscles of the same order as those first affected:
third, it spreads to the muscles of the order next below in the
same series. The further spread of the convulsion follows
precisely the same method, with this addition, that when it
has reached a certain depth in the series in which it began1, it
begins to affect another series on the same side of the body.
This second series is invaded generally from the lowest order
to the highest, and sometimes probably from the highest order to
the lowest, but very often all its orders are involved apparently
simultaneously. It is most probable that there is always a
definite march; but fits that spread as far as this are usually of
rapid progress, and by the time the spasm has spread thus far,
it has become so highly compound, and the appearances are so
fleeting, that observation has become extremely difficult.

As the fit progresses, another and another series is affected
by the convulsion^ until the whole body is convulsed. The
order in which the series are taken varies. The limb trans-
versely opposite to that first affected is always affected
centrifugally when any march can be discerned. The
limb diagonally opposite to that in which the fit began is
affected last and least.

The cessation of the spasm is usually simultaneous, or nearly
so, over the whole body. Occasionally the part first affected
can be seen to be last released.
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330 THE PHENOMENA OP CONVULSION.

The above description ie necessarily complicated, because
the phenomena it describes are complex. An instance may
render the matter clearer. Suppose a convulsion begins in
the thumb and finger. The first step in the march will consist
of three elements, thus: (1) the spasm in the thumb and
finger becomes more severe, (2) the muscles of the other
fingers (more muscles of the same order) become affected; and
(3) some of the muscles moving the wrist (muscles of the next
order) are slightly affected. The next step will similarly
consist of three elements: (1) the spasm of all these parts
becomes more severe; (2) more of the muscles moving the
wrist become implicated; and (3) some of the muscles moving
the elbow are slightly affected. The third step will be
essentially similar, in so far as the arm is concerned, but in
addition to this, the head and eyes begin to turn to the affected
side, showing the implication of an altogether new series of
muscles. As the spasm of the arm becomes more severe,
so does that of the face and neck, and in addition the arm of
the opposite side and the leg of the same side become involved;
the leg of the opposite side being the last to join.

The merit of directing attention to the origin and march of
convulsions belongs entirely to Dr. Hughlings-Jackson, by
whom also the order of march above described was dis-
covered. It has been verified by the writer in very numerous
observations.

In a subsequent paper it will be shown that the three
elements in the march of a convulsion correspond with the
spread of the discharge in the nerve-centres in intension, in
extension, and in depth respectively.

There is yet another way in which a convulsion may spread.
Without increase of depth, i.e. without involving fresh orders
of muscles, it may affect successively different combinations of
muscles of the same order, causing the part affected to assume
successively different attitudes. For instance, supposing the
thumb and two adjoining fingers to be at first extended and
the other fingers flexed, then, as the fit continues, the thumb
may be flexed and the ulnar fingers extended, without the
spasm existing elsewhere undergoing any material alteration.
The process in the nerve-centres which this mode of spread-
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THE PHENOMENA OP CONVULSION. 331

ing represents is a shifting of the dominant focus of the
discharge.

Centrifugal convulsions, beginning in the lowest order of
muscles, that which forms the point of meeting of all the
different series, affect, at the first step of their march, the
next lowest orders of all the series simultaneously. That is
to say, beginning in the muscles of the back, the spasm
spreads simultaneously to the thighs, the upper arms and
the jaws.

The attitude assumed by the part under the influence of the
spasm bears a definite relation to the quality, origin, and march
of the convulsion. It may be stated generally that

All tonic convulsions are bilateral, and produce an attitude
of extension.

All centrifugal convulsions are bilateral, and produce an
attitude of extension.

The remaining class of convulsions, comprising all those
which are clonic in quality and of centripetal march, begin
unilaterally and produce an attitude of flexion.

Tonic centrifugal convulsions are very rarely complete,
rarely, that is, affect the whole body; when they do so, the
attitude is as follows. The head is thrown back, the trunk is
arched backwards, the jaws may be open or closed, but, if
affected at all, are of course immobile. The arms are extended
by the sides, the elbows extended to the utmost, the forearms
pronated, the hands in the "tetany position." The thighs,
knees and ankles are extended, and the toes flexed. The eyes
are affected only in the most extreme cases, and are then rolled
upward. To this clasB belong the convulsions of tetanus, of
strychnia-poisoning, and of cerebro-spinal meningitis.

Tonic centripetal convulsions affect both hands simul-
taneously or nearly so, and when.the spasm reaches the
shoulders the feet become affected. It does not often extend
far enough to retract the head, but, were it ever to become
complete, would probably produce an attitude the counterpart
of the last. The fingers are extended, except at the knuckles,
which are flexed, the thumb lies against the second intemode
of the index, the elbow is extended, and the forearm in severe
cases pronated. The feet are strongly extended, everted, and
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332 THE PHENOMENA OP CONVULSION.

the toes flexed. The flexion of the knuckles is an apparent,
not a real exception to the prevailing extended attitude, for it
is part of the " interosseous position," and the interossei are
primarily extensors of the distal joints of the fingers. The
flexion of the knuckles is quasi-accidental, and subordinate to
the extension of the other joints. Tonic centripetal con-
vulsions are exemplified in tetany.

Clonic centrifugal convulsions are in many respects inter-
mediate in character between the bilateral extending and the
unilateral flexing convulsions. The spasm is of a more uniform
character than that of typical clonic convulsions, its accession
and decline are more gradual; the attitude often appears a
compromise between flexion and extension, the former pre-
ponderating in the legs and the latter in the arms and hands;
the duration of the fit, too, is longer and the intensity less than
is usual in clonic convulsions. The general attitude is still
one of extension, and simulates the type described above, the
more closely according as the march is more definitely
centrifugal. This form of convulsion is seen in certain cases
of " idiopathic epilepsy."

Clonic centripetal convulsions, which form by far the largest
and most varied group of these phenomena, and include nearly
the whole of the so-called epileptic, epileptoid and epileptiform
convulsions, invariably produce an attitude of flexion. The
first is closed, the thumb bent into the palm, the wrist and
elbow bent, the shoulders brought forward, the head bowed, the
eyes drawn to one side, the eyelids closed, that one on the side
to which the eyes are drawn more tightly than the other, the
lips and tongue also are drawn to that side. The spine is
flexed, the legs drawn up, the feet inverted and flexed. This
form of convulsion always begins in the highest order of a
single series on one side, and affects that series and that side
most.

The attitude assumed by a convulsed part depends on the
position of the dominant focus of the discharge. By the
extent of a convulsion is not here meant the area of the body
or the number of muscles involved in it, but the degree to
which its threefold march as above described has extended;
and it is measured by the order of muscles which the spasm
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THE PHENOMENA OP CONVULSION. 333

has reached. The varying extent of the spasm is one of the
main causes of the different aspects that convulsions present.
A convulsion may be limited in extent to a mere quivering of
one eyelid—"live blood," as it is termed; or it may add to
this a retraction of that side of the mouth and a deviation of
the eye; or it may superadd a turning of the head and drawing
up of the arm; or it may extend to universal convulsion; but
between these various degrees no sharp line of demarcation
can be drawn, they are but variations of the same phenomenon,
extensions of the same process, and their fundamental identity
is shown by the fact that the same patient may at short
intervals of time exhibit convulsions varying in extent as
widely as those instanced above, yet all having the same origin
and spreading in the same way. From the above description
of the threefold march, it will be seen that the greater extent
of the fit, the more severely are those parts affected that were
first seized.

By the rapidity of a convulsion is meant that of its progress
from part to part of the body, or from order to order of muscles.
The rapidity is always considerable, and often so great that
the convulsion appears to affect the whole body suddenly and
simultaneously, and from this cause arises mainly the difficulty,
often extreme, of accurately observing convulsions.

In fite of deliberate march the spasm may be three or four
seconds in spreading from muscles of the highest order to
those of the lowest, and -seven or eight in becoming universal.
It is very rarely slower than this. In rapid fits, in which the
convulsion appears to be universal from the very outset, it
may be impossible to determine the point of origin, except
inferentially by observing the part most affected. Between
these, extremes there is every degree of rapidity. Fits of
deliberate march are usually due to gross disease of brain-
tissue, and it may even be said with some approach to accuracy
that the coarser the structural alteration, the more deliberate
the march. Thus the convulsions whose outset is slowest of
all are those arising from tumour of the brain; more rapid are
those of meningitis, while the fits of "idiopathic epilepsy,"
in which the change in brain-tissue is so fine as to be
unrecognisable, are extremely rapid. This fact is not unin-
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334 THE PHENOMENA OP CONVULSION.

teresting from a pathological point of view, for a tumour may
be regarded as a local change in an otherwise normal brain
which overcomes with difficulty the stability of the normal
elements; while in " idiopathic epilepsy" the whole grey
matter may be regarded as in an habitually unstable condition,
so that a disturbance once begun will travel rapidly. It is the
difference between the spread of a fire through an ordinary
dwelling-house, and that through a bare house filled with
combustibles. In conformity with this view, it is found that
when convulsions have occurred repeatedly, from whatever
cause, the latter attacks spread more rapidly than the earlier
ones, as if the more frequent discharges had made the elements
permanently more unstable.

There is another element in the rapidity of a convulsion
irrespective of its march from muscle to muscle. The con-
tinuous contraction of a muscle is the product of a great
number of contractions rapidly succeeding one another. Each
of these " simple contractions" is due to a separate delivery
of force from the nerve-centre through the nerves into the
muscles. In the convulsive contraction of a voluntary muscle
the same condition of course obtains ; but the simple con-
tractions are of a different strength, and follow one another at
different intervals from those which compose a normal con-
traction. The rapidity with which their shocks of simple
contraction follow one another I propose to call the " Pitch " of
the spasm, borrowing a term from the obvious analogy between
the composition of a muscular contraction and that of a
musical note.

The pitch of the spasm, as thus defined, varies greatly both
in different fits and in different periods in the same fit. The
pitch bears some relation to the rapidity of spread, that being
higher as this is more rapid, but the two do not maintain a
very constant ratio. In any one clonio convulsion the pitch is
always high at the commencement, and is highest either at or
very shortly after the opening. Towards the end the pitch
always declines, its declension proceeding pan passu with
that of the intensity of the fit, of which it forms a main
element. The first indication of the lowering of pitch is that
the muscles, hitherto contracted into a rigid fixed mass, begin
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THE PHENOMENA OF CONVULSION. 335

to qniver, the less rapid succession of shocks allowing of a
slight relaxation of the muscle between their arrivals. As the
pitch runs down, the quivering widens into a succession of
twitches, at first slight, others becoming more and more
marked as the longer intervals allow the relaxation between
the successive shocks to become more and more complete. At
the end of the fit the pitch reaches its lowest point, the
intervals between the shocks becoming so prolonged as to
allow of complete relaxation of the muscles, and, after two or
three entirely separate and discrete " simple contractions," the
convulsion ceases.

The pitch is not always uniform over the whole body, but
often appears to be less uniform than it really is. For if the
successive shocks of simple contraction are but slight, they
may suffice to give perceptible movement to the more mobile
parts, e.g. the lips and eyelids, but may fail to set in motion
heavier parts such as the arms; although by grasping the
arm its muscles may be felt to be affected by a feeble but
sadden hardening, synchronous with each contraction in the
face.

Fits of long duration soon become less highly pitched, and
in very prolonged convulsions the simple contractions may be
separated by intervals of one or more seconds. In these
prolonged convulsions the pitch of the spasm is seen to have a
compound rhythm. Among the twitches due to single contrac-
tions may be observed displacements of a more gradual character,
which are due, as may be ascertained by grasping the muscles,
to waves of spasm each containing three or four or more simple
contractions. And at longer intervals occur still greater con-
tortions caused by the fusion of several such waves. From time
to time the contortion becomes so great, and so prolonged as to
deserve the name of a separate fit, and from the way in which
they occasionally merge into one another, we are justified in
regarding the phenomena of the prolonged convulsion as
representing those of the rapid convulsion " magnified in time."
Hence the observation of this somewhat uncommon form is of
extreme value. It may here be remarked, in parenthesis, that
all forms of tremor are due to lowering of the pitch of con-
traction. I believe that the height of the pitch depends on
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the proportion which the number of active elements bears to
the number of active centres.

The " simple contractions " that go to make up a muscular
spasm vary not only in the rapidity with which they succeed
each other, but also in intensity, by whioh is meant the ex-
tent to which each contraction shortens or tends to shorten the
muscle. Supposing the succession of simple contractions to
be represented graphically by a series of waves, then would
the pitch be represented by the length, and the intensity by
the amplitude of the waves. In respect to the total spasm,
the degree of intensity determines the amount of contortion,
or the difference between the attitude assumed by the con-
vulsed part and its attitude when at rest.

The intensity of the spasm increases continuously from the
opening of the fit until it reaches a maximum, and remains at
this point to the very end of the fit. Remembering that the
contractions occur at longer and longer intervals towards the
end of the fit, while their intensity and their suddenness remain
unaltered, it will be seen that as the muscles relax more and
more between the contractions, the amount of actual movement
produced by them is increased, and thus a fit often appears
more severe, when it is in reality passing off.

The pitch and the intensity together make up the force of
the contraction, which is measured by the amount of resistance
that it opposes to alteration of the attitude of the convulsed
part by passive movement It is extremely probable that
there is another element in the composition of the force of the
spasm, viz.—the force of the individual simple contractions
apart from their amplitude, an element which would be re-
presented in the graphic scheme above referred to by the
width of the undulations. But beyond a priori probability,
no evidence of the existence of this element is at present
forthcoming.

Lastly, the duration of a convulsion may be so transient
that a group of observers standing before the. patient may be
divided in opinion as to whether one has taken place at all, or
it may be prolonged for hours and days. The longest con-
tinuous convulsion that has come under the notice of the
writer, lasted for ninety-six hours.
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THE PHENOMENA OF CONVULSION. 837

The ten elements above enumerated make up the whole of
the phenomena of convulsion proper, and the various forms
of convulsion are due to their combinations in varying pro-
portions. Regard being had to the number of the elements
and the wideness of the limits within which they may vary,
the assertion will be seen to be justified that a rigor and an
epileptic fit, the twitching of an eyelid and opisthotonic spasm,
are phenomena of identical nature, due to similar nervous
processes, which, however, are of differing extents and affect
different nervous centres.

And since, to return to the initial proposition, every one of
these elements must correspond with and be a measure of some
modus of the process (discharge) in the nerve-centres which
gives rise to the convulsion, it is obvious that to ^obtain an
insight into the nature and modus of this process, it is neces-
sary to study and record the various elements of the convulsion,
their degrees and their ratios to one another. To advocate
such study is the object of this paper.

It is scarcely necessary to remark on the difficulty of ob-
serving so many component threads, woven into such a com-
plicated texture, and passing before the eye with such rapidity
as the phenomena of a clonic convulsion. The difficulty is
always great, often extreme, and is surmountable only by
watching a great number of fits, and in each one singling out
some one element for observation. No doubt the method is
faulty, but it is the best we have. No two fits are ever quite
alike even in the same patient on the same day, but, on the
other hand, all the fits of any one patient show a very great
approach to uniformity in their Quality, Origin, and March,
and differ only in the minor elements; and hence the observa-
tion of successive fits in the same patient affords the most
valuable information as to the influence of these minor elements
on the concomitants and sequelae of the fits.

The occurrence of these, the secondary effects of the dis-
charge, still further complicates the convulsion, and intensifies
the difficulties of observation. For example : it is impossible
to tell how far the quickening of the heart's action and the
lowered tone of the arteries are due directly to the action of
the discharge, how far they are due to it indirectly by the
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338 THE PHENOMENA OP CONVULSION.

exhaustion which succeeds it, and how far doubly indirectly
by the interference with respiration.

All the indirect effects of the discharge, concomitants and
sequel© of the convulsion, comprising the mental phenomena,
aurse, &o., the loss of consciousness, paralysis, automatic actions,
vascular and glandular disturbances, have been purposely
omitted from consideration, and the attempt has been made to
treat of convulsions purely in terms of muscular contraction.

It will be the object of a subsequent paper to elucidate the
various modes of the nervous discharge with which these
elements correspond.
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